This study was investigated the survival and growth of pathogens on commercial dish sponges and cloths when contaminated with organic materials and the effects of chemical sanitizers and organic acids on inhibiting pathogens contaminating the dish sponges and cloths. When pathogens were inoculated with TSB, none of the four pathogens grew in the cellulose sponge until 12 h of storage; however levels of pathogens on the other samples were significantly increased after 24 h of storage. When chemical sanitizers and organic acids were added to the dish sponges and cloths, treatments with hydrogen peroxidebased sanitizer, lactic and propionic acids were the most effective at reducing levels of E. coli O157:H7 and S. aureus, whereas treatment with a chlorine sanitizer did not significantly reduce pathogen levels.
Introduction
Foodborne pathogens cause millions of illnesses and thousands of deaths every year worldwide (Rodgers et al., 2004; Nedorostova et al., 2009) . Early studies indicated that cross-contamination from raw products via hands, cleaning cloths or sponges, and utensils used with foods that were not subjected to further cooking contributed to the occurrence of outbreaks of foodborne illness (Scott and Bloomfield, 1990; Jiang and Doyle, 1999; Kusumaningrum et al., 2002) .
Microorganisms, including foodborne pathogens contaminating dishcloths and sponges, can grow over time during storage at room temperature and result in large populations if they are combined with organic materials (food stuffs and particles) and remain wet. In our previous study, Escherichia coli ATCC 25922 grew rapidly and resulted in high levels (> 8 log 10 CFU/each after 24 h of storage at 25℃) on some types of dishcloths/sponges made of rayon, cotton, and polyester (Lee, 2010) . These contaminated dishcloths/sponges may transfer microorganisms to hands or clean surfaces in sufficient numbers to represent the possibility of infection if in contact with food (Scott and Bloomfield, 1990) . However, the growth of microorganisms on contaminated dishcloths/ sponges can differ depending on the raw materials they are made from. Also, contaminated organic materials on dishcloths/sponges could affect the survival and growth of pathogens. To date, there have been few studies investigating the survival or growth of microorganisms on dishcloths or sponges with regard to the manufacturing materials and contaminated organic materials (Cogan et al., 2002; Lee, 2010) . Therefore, this study investigated the survival and growth of pathogenic bacteria, such as Escherichia coli O157:H7, Salmonella Typhimurium, Listeria monocytogenes, and Staphylococcus aureus, on various commercial dish sponges/cloths when contaminated with organic materials (tryptic soy broth, rice water, and beef gravy).
Since dishcloths/sponges have a high potential to be hazards in relation to pathogen cross-contamination due to their high levels of contamination, an effective decontamination procedure is required to ensure that these items do not transmit pathogens. Previous studies have reported the potential benefits resulting from the use of disinfectants when cleaning household sites, including kitchen surfaces and tools (Kusumaningrum et al., 2002; Barker et al., 2003) . Organic acids have a long history of being utilized as food additives and preservatives for preventing food deterioration and extending the shelf life of perishable food ingredients (Ricke, 2003) . Therefore, in this study, effects of chemical sanitizers and beaker and cooked for 1 h. Water was added as the volume evaporated during boiling. After cooking for 1 h, beef gravy was separated, placed into sterile bottles, and cooled at room temperature before use. As described above, two milliliters of prepared cooked rice water or beef gravy were applied to the sterile dish sponge/cloth pieces followed by the addition of 0.1 mL prepared cell suspension. The inoculated samples were stored at 25℃ for 24 h and examined at 0, 3, 6, 9, 12, and 24 h.
Preparation of organic acids and chemical sanitizers Six kinds of organic acids were used in the assay: acetic (Duksan pure chemical Co., Ansan-si, Korea), lactic (Duksan pure chemical Co.), citric (Duksan pure chemical Co.), malic acid (Junsei, Kyoto, Japan), tartaric (Yakuri pure chemicals Co., Kyoto, Japan), and propionic acid (Wako pure Chemical Industries, Osaka, Japan). In all cases, acids were of the highest grade available (98 − 100% pure). Determined concentrations (2.5 or 5%) of acids were prepared in sterile distilled water and sterilization of solutions was performed by filtration through a 0.22-μm membrane filter (Millipore, Billerica, MA, USA). Five kinds of commercial chemical sanitizer (Table 2) were also tested. All chemicals were diluted according to the manufacturer's instructions with distilled water to working concentrations. All chemicals were prepared immediately before each experiment and used in the experiment within 30 min.
Antibacterial assay Screening of organic acids and commercial chemical sanitizers for antibacterial activity against E. coli O157:H7 and S. aureus was performed using the agar disc diffusion method, which is normally used as a preliminary check and to select effective antimicrobial compounds. Soft agar containing 0.75% Bacto-agar (Difco) in TSB was cooled to 45℃ after autoclaving, inoculated with liquid overnight cultures to a cell density about 10 8-9 CFU/ mL, and then plates containing approximately 20 mL tryptic soy agar (TSA; Difco) were overlaid with 5 mL inoculated organic acids on inhibiting pathogens contaminating various types of dishcloths and sponges were evaluated to identify effective sanitizing methods for dishcloths/sponges.
Materials and Methods
Bacterial strain and culture conditions Three strains each of E. coli O157:H7 (ATCC 35150, 43889, and 43890) and S. aureus (ATCC 12600, 12692, and 49444) , one strain each of L. monocytogenes (ATCC 7644), and S. Typhimurium (DT104 Killercow) were obtained from the bacterial culture collection of Chung-Ang University (Anseong-si, Korea) and used in this study. All strains were grown in tryptic soy broth (TSB: Difco laboratories, Detroit, MI, USA) at 37℃ for 24 h.
Survival and growth of pathogens on dish sponges/cloths Five different types of commercial dish sponges/cloths (Table  1) were purchased from a local store (Anseongsi, Korea) and were cut into 6 × 6 cm segments. The cut pieces were sterilized by autoclaving at 121℃, dried, and then placed individually in sterile Petri dishes. The bacterial cells, cultured in TSB for 24 h at 37℃, were harvested by centrifugation at 8,000 × g for 5 min at 4℃, washed with buffered peptone water three times and suspended in buffered peptone water (Difco) in equal volumes. The suspended cells were diluted in buffered peptone water, corresponding to approximately 10 3-4 CFU/mL. Two milliliters of sterile TSB were equally absorbed into the sterile dish sponge/cloth pieces and then 0.1 mL of prepared cell suspensions were equally pipette onto dish sponge/cloth. The inoculated samples were stored at 25℃ for 24 h and examined at 0, 3, 6, 9, 12, and 24 h, to assess the levels of pathogens. Cooked rice-water was prepared by soaking 200 g regular rice (Anseongsi, Korea) in 1 L distilled water for 6 h at room temperature. Then, rice-water was separated following thorough mixing, placed into bottles, and autoclaved. To prepare beef gravy, 200 g raw beef (Anseongsi, Korea) was boiled with 1 L distilled water using Y-M. bae et al. 
Results and Discussion
Survival and growth of pathogenic bacteria on various types of commercial dishcloths and sponges contaminated with organic materials, including laboratory media, cooked rice water, and beef gravy, were investigated. Figure 1 shows the population of each of four pathogens contaminated on dishcloths and sponges with laboratory media (TSB) during storage time at room temperature (25℃) for 24 h. The initial levels of four pathogens were approximately 2 to 4 log 10 CFU/sample. These levels significantly increased with increasing storage time at room temperature (P ≤ 0.05) for all samples except for the cellulose dishcloth, and resulted in high populations (6 − 8 log 10 CFU/sample) after 24 h of storage. Pulp, which is the raw material of the cellulose dishcloth, was lower initial contamination levels (approximately < 2.3 log 10 CFU/sample) of all tested pathogens. Also, populations of pathogens on the cellulose dishcloth were lower than 3 log 10 CFU/sample during storage for 24 h. However, populations of L. monocytogenes on the nylon sponge (6.8 log 10 CFU/sample) were significantly lower than on the other three samples (8 − 9 log 10 CFU/sample) (P ≤ 0.05).
The population of S. aureus and E. coli O157:H7 on dishcloths/sponges with cooked rice-water and beef gravy are shown in Fig. 2 and 3 , respectively. Populations of S. aureus and E. coli O157:H7 on the color dishcloth, cotton dishcloth, and filter sponge were significantly increased during stor-soft agar. After solidifying, sterile paper discs (6 mm diameter; Toyo Roshi Kaisha, Ltd., Kyoto, Japan) were placed on the agar and plates were kept at room temperature for 30 min to allow liquid absorption into the disc. Next, 20 μL chemical sanitizer solutions were pipetted onto the discs, and plates were incubated at 37℃ for 24 h. Following incubation, the diameters of the inhibition zones were measured using the ruler.
The effect of chemicals on bacterial count on dish sponges/cloths The sterile cotton dishcloth pieces and bacterial suspension were prepared as described above. However, an undiluted bacterial suspension (ca. 10 8-9 CFU/mL) was used to obtain a high concentration of pathogens because this study was conducted to investigate the reduction in levels of pathogens by various treatments. Organic acids and chemical sanitizers were prepared as described above. The cotton dishcloth samples were immersed into 100 mL prepared solution for 30 or 60 min at room temperature. Distilled water was used as a control, and levels of surviving pathogens on the samples before and after treatment were enumerated.
Bacterial enumeration The samples were placed in stomacher bags containing 20 mL buffered peptone water or D/E neutralizing broth (Difco) and homogenized for 2 min using a stomacher (BagMixer 400, Interscience Laboratory Inc., St Nom, France). After homogenization, the samples were serially diluted 10-fold with 9 mL buffered peptone water and 0.1 mL sample, and diluents were plated onto tryptic soy agar (TSA; Difco) in duplicate. All plates were incubated at 37℃ for 24 h, and then the colonies were enumerated.
Statistical analysis All experiments were repeated three times with duplicate plates, and the averages of duplicate plate counts from three replications were converted to units Safety of Dish Sponge/cloths Sodium chlorite 25% a All sanitizers were prepared following instructions provided by each manufacturer. All information was described following the information provided by each manufacturer. small numbers. In fact, the results of our previous study also showed that E. coli ATCC 25922 grew very well on the dishcloths/sponges during storage at room temperature, although the growth varied depending on the raw materials they were made from (Lee, 2010) . However, when pathogens were inoculated on pulp, the raw material of the cellulose dishcloth, it was showing lower initial contamination levels, and the growth rate of pathogens was lower than 3 log 10 CFU/sample during storage for 24 h. The results from our previous study also showed that lower initial contamination levels of E. coli, and its population was under the detection limit after 3 h of storage (Lee, 2010) . The results of this study were influenced by characteristics of cellulose; therefore, additional studies of pathogens growth on various cellulose dishcloths and the characteristics of cellulose surface should be conducted. Results of the present study also showed the rapid growth of pathogenic bacteria on some types of dishcloths/sponges regardless of the type of organic materials contaminated by them; therefore, appropriate methods for disinfection or sterilization of dishcloths/sponges appear necessary to prevent the cross-contamination of microorganisms to foods, hands, or surfaces from contaminated dishcloths/sponges. As a subsequent study, six types of organic acids and five types of commercial chemical sanitizers were selected and tested for their antibacterial activities against three strains of S. aureus and E. coli O157:H7 using the agar disc diffusion method (Table 3) . Among six organic acids tested, acetic and propionic acids exhibited the strongest inhibitory effect against E. coli O157:H7 and S. aureus, respectively, and acetic, lactic, malic, and propionic acids showed generally strong inhibitory effects for all three strains of S. aureus and E. coli O157:H7 and, therefore, were applied in the next age time at room temperature (P ≤ 0.05) and resulted in high populations ( > 7 log 10 CFU/sample) after 24 h of storage. However, populations of S. aureus and E. coli O157:H7 on the nylon sponge were significantly lower than on other three samples. S. aureus and E. coli O157:H7 did not grow on the cellulose dishcloth and maintained less than 2.4 log 10 CFU/ sample during storage for 24 h. When samples were contaminated with pathogens with cooked beef gravy, similar results were observed for E. coli O157:H7 as with those from cooked rice-water. However the growth of S. aureus varied depending on which dishcloth or sponge was used. S. aureus on the cotton dishcloth grew very well and resulted in 7.3 log 10 CFU/sample after 24 h of storage, and S. aureus on the color dishcloth and filter sponge grew gradually after 24 h of storage. However, levels of S. aureus were inhibited or maintained at low levels ( < 3.0 log 10 CFU/sample) during 24 h of storage. From these results, survival and growth of pathogens are very different depending on the raw materials used in the manufacturing of dishcloths/sponges. Also, results of survival and growth of pathogens were different depending on organic materials contaminated on dishcloths/sponges. Previous studies (Scott et al., 1984; Rusin et al., 1998) have shown that dishcloths are a potential health hazard unless they are thoroughly dried after use, which is not often the case. However, most of these studies investigated microbial contamination on dishcloths and sponges in domestic kitchens. Rusin et al. (1998) determined that sponges/dishcloths were sites of high contamination, displaying the highest densities of coliform and hetrotrophic plate counts with levels of 6.5 and 8.1 log 10 CFU/mL, respectively. These high levels of microbial contamination might have occurred because microorganisms can grow very well when they are contaminated in Safety of Dish Sponge/cloths , 1998) . Table 4 demonstrates the effects of sanitizing chemicals against S. aureus and E. coli O157:H7 on cotton dishcloths when treated for 30 and 60 min at room temperature (25℃). Treatment with distilled water (control) did not significantly reduced populations of S. aureus and E. coli O157:H7 (P > 0.05), whereas treatment with chemical sanitizers and organic acids significantly reduced populations experiment. Among commercial chemical sanitizers tested, hydrogen peroxide-based sanitizer conferred the strongest inhibitory effect against both pathogens. Therefore, the hydrogen peroxide-based sanitizer was selected and used for further study, and the chlorine-based sanitizer was selected because it is the most common sanitizer used in domestic and commercial kitchens for sanitizing purpose (Rusin et Y-M. bae et al. of both pathogens (P ≤ 0.05). For S. aureus, treatment with hydrogen peroxide-based sanitizer, 5% propionic, and lactic acids were the most effective at killing the bacteria on cotton dishcloths and reduced levels to below the detection limit (2.3 log 10 CFU/sample) after treatment for 30 min. Next, 5% acetic, 2.5% malic, and 5% malic acids also reduced bacterial counts below the detection limit after treatment for 60 min. For E. coli O157:H7, hydrogen peroxide-based sanitizer and 5% propionic acid were also the most effective and reduced levels of E. coli O157:H7 below the detection limit after treatment for 30 min. Also, treatment with chlorine sanitizer showed the least reduction of E. coli O157:H7 among treatments except for treatment with distilled water (control).
Other studies suggest that bacterial inactivation in sponges depends on a number of factors and is largely unpredictable (Kusumaningrum et al., 2000; Scott and Bloomfield, 1990) . Rusin et al. (1998) determined that the use of hypochlorite disinfection products resulted in significant reductions of microorganisms in sponges and dishcloths. However, chlorine sanitizer was not very effective at killing pathogens on cotton dishcloths, as compared to other treatments. From the results of this study, treatments with some high concentration organic acids, such as 5% propionic and lactic acids, were very effective at killing pathogens on cotton dishcloths, and the efficacy of these organic acids was much higher than that of commercial chlorine sanitizer. Therefore, organic acids were used effectively and safely to sanitize dishcloths/ sponges. However, growth of pathogens varied depending on the types of raw materials made from dishcloths, sponges, and organic compounds contaminated on dishcloths and sponges. Also, the effectiveness of the treatments on sanitizing pathogens varied depending on treatment sanitizers and treatment time of dishcloths/sponges. Therefore, additional studies, including on the effect of organic acids combined with other sanitizing methods, the efficacy for other types of pathogens, the effect of food stuffs remaining on samples, and changes in product quality following treatment, for example, should be investigated prior to the commercial application of the studied methods.
